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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To hold threshold 
sensitivity for variations of a SOI film thickness 
substantially at a minimum to set to a value 
prescribing a threshold by a method, wherein a 
back gate voltage is applied from a control 
circuit, in response to channel impurity 
concentration of transistors. 
SOLUTION: An insulating film 3, such as a 
silicon, oxide film or the like, is formed on the 
main face of a silicon substrate 2, and a channel 
region 4 of silicon having a p-type impurity 
concentration NA, such as boron is formed on 

this insulating film. A gate electrode 6 is formed 1 !i ; 

via the gate insulating film 5 on the channel 

region 4, and a source/drain region 7 is formed .;" ! 

on both sides of the channel region 4, to form ■ 

completely depleted transistors FET1 . A control circuit 9 inputs the information 

measuring the impurity concentration NA and calculates an optimum back gate 

voltage value and outputs a corresponding control signal to a variable power 

source 10, so that a specified voltage is applied on a back gate 11. This 

application substantially minimizes the threshold sensitivity for variations of a SOI 

film thickness by controlling the threshold. 
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VG2,acc <VG2<VG2. inv (DftftCJHft:? $ 6> (C» 5^ 
**;MS«4<0S»CsU fc«fc«|ft»R3<DS«C0X2 



[0 0 5 0] 
[»4] 



*S2= 



C 0X2 



(c si +c 0X2 ) 



< v G2- V G2.acc> 



[0 0 5 1 ] 
[ft 5] 



v thl. dep!2~ v thl. acc2~ 



: Si c 0X2 



C 0X1 ^ c Si +C 0X2 ) 



(V G2~ V G2. acc> 



(4) 



CCTVG2.acc UU&iiUgl 3 (CO^X*B t £ [0 0 5 2] 

Q0X2 c Si 



v G2.acc =<D IS2- 



-0X2 



om Q depl 
2 <1> F 

C 0X2 2 C 0X2 



(5) 



g3(l it (2) - (5) iCcfey. ^tWW4OT 
«#aSNA=1 X1 Ol'cm-3, SO I KB t si =6 
Onrru 0Msi = - 1 V, Qoxi = Q0X2 = 0 <D*S^(C 40 

l\T, 5=-V*JHi«4 tf>»*8Bt3 fC«-r*«ffiT«>«T- 

?-^*;uatt4<7)iftaK3ic»ufca 



[0 0 5 3] g4(l 5 1 ^^^Iia4^^*E^e[^: 1 
X 1 0 17 c m -3 £ l,fz£%<D. 5t ( 2 ) - ( 5 ) CD*& 

SO I lJ50ftS14^Sb^^77-e$)^o [eJSICfcO 
Til Vthl.acc2 *fflUa, Vth1,inv2 *J«ttT, f LT 
VG2 = 0 V |C*5l*£ S O I R»lC»J-r*-U*l>ffl*.|i» 
TtfUTO&o Vthl.acc2 , V thl. inv2 . it VG2 IC#c#t* 

■ff L **;i/iffl«4 cdrhicj: y asa. ' — V 
thi.depi2 hm/±vc2 icj:.y iy*ivn#R 

thi,de P i2 I* SO I Rg^ai<a^<hso I 3E£Jf IC^ 
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[0054] ;x\z. VL±mmutt&Mi^T)i'iz3 L ->r* 

A? s = (E r E r AE g ) /q 

[0057] msi*. mmmwmiE&mM-rzit&o) 

[0058] 5£ (6) (4. 5 ICtf U/c<fc 5 (CfiSw E 

/J\ (bandgap narrowing) MAEg % -t OT^T-JilC 

r 9 jrinQE s 



.[.0 0 5 5] SHB#xV->ir^O*lii«^-fl:1tiEICit«i 

[0 0 5 6] 
[»7] 

fEgAz (6) 

<&*liJUTOJ:5lc»3ti*. 
10 [0 0 5 9] «fiX*JU*-»ffiEo ^(7)i>^ hEo- 
Ec(4, 
[0 0 6 0] 
[ft8] 



h2 
2m 



4h* 



2/3 



(7) 



d CT E sl4^Emi?£S U 
[0 0 6 1 ] 



M9] 



_ f Qsi~°S2 qN A t Si ^ 
* I *Si 2c Si J 



(8) 



[0062] aaifi^^^^^^wwssJinfcj:* 

bandgap narrowing#jJH A Eg 14, 



[0 0 6 3] 
t»1 0] 



AE g/q s 



EmV] 



(9) 



EsA zCD35(UjC(4 v 
[0 0 6 4] 



»11] 



30 



E s Az^maxj^(l- (1/3) 2/3 )(E 0 -E c ) - 



kT 



■] 



(10) 



i**ti*. 

[oo6 5] sairareamiccfcy. ^Kum 

Tl\**6* hK<tK§acoxi 14, Coxt =sox 

/ ( t 0X1 + £ Si / £ OX A Z ) £^£tl£<» 
[0 0 6 6] m±^U^cl:plCfi : f L ffijE^:^/SUT?# 

o)ft»tt*B2Tft*. B2a>5*>*>*«fc5 i ic. 

y-r hWEft— Si U ^**;MW4G>iW*ttft!S 

ftft-CT-* *JU»« 4 ©I»*i< £ S j <h S i 02 
iOffl|IO*IFEs^*<'A««:«(C. «7-'#ffiCDx 

*j i^p-a***' < & y . affl#5et«© ic<t y 
too6 7] z.(dj:o[z. m^mJEzmmisrztmzm 



U U*UfflffiK**ffi^ift*5 1 ^^U««4 0Mli[«« 

[0 0 6 8] H6(t i2 <hPl— COF ET^f^lCfe 
l\Tv H2TU*lMfi#ffi'h<k&£^**JMS«4<BS 
O I RW tSi £EPJrr*/<y*y- hmJEVG2 ^ 

ccT-14, u^t^(Dtssfii^- : eti-€ r no: 1 

V, 0. 2 V, 0. 3 V (CO OTTjtUfco . 
[0 0 6 9] B6j&>6>*>#>£<fc5lC, L*Ot*S£l/ 

jk'h£tt« S O I fllH t Si 14., ^^UlH^O^ttlftl 

a*Bic<fcy«ifcicw6*i«:ofc. o*y,. so n 

m t si coai§fiil4, ^F»M«MENAlc»UT**yK<b 
50 [O 0 7 0] Sfc, R£t4l/Sl^HaSt. SO 



WBBT1 1-330482 



§so i M^t si izmtez^ fco cct, t 

si<Dft5gffi£l>£^ffiVth£<DB0S{t tsi=2 5 0 V . 
th 2 - 2 7 5 Vth + 1 0 5 (n m) X\ Vth#O^Jl/h* 

[00 7 1 ] itot, »£Ufcl^U*t^lCj£i;TH6 
lcfc£^l\T;*SU/cSO IH* tsu WHMMtNA 

{sfc*:Z2£teZ><D (Cs&fttt/t V $ ?— h WE* 

aitti-ractc<feu» soii»c«t*i/«^in 

[0 0 7 2] CCT. ■J»/t9^*lC»-r*U*l^«« 20 

tt«051SNA(C*tUT(a«— ffitttSOtt* 5fc (6) (7) 
«T**«jEa^ t si IcSKttWU NAlcii&^yflc 

^U&U-ch. Jfccfctf, 3* (5) (0ffl2»WSrtf>Qdep1 

[0 0 7 3] ccDitaiCcfcy, *>^3Aa 9^*;u»« 

^-r^cfcpftS^fe, 5S (2) "CQdepl /2G0X1# 

2<PFj;yfc/Jv£^i§^lc{t ±K©*«to»ftNA(z** 30 

[0 0 7 4] *fc % i7 (C^U^icfcp/cJ:. LOCOS}§ 
ttM<bai:0*;*lcj:yJBj«snfcU-fe^ (Recess) ^ 
- h^^Wt-'SM I S F E T^H^lCli, LOCOS 

9^*;u»#g>rw 
Han LocosnttMftaicisu-t^ay- 

It IS 2 0 n m- 1 /a mO'> U 3 yftt'O) S O I B 4' 40 
<0±IC J»3**-5~l OOnmSSiD^'J^VBHkil . 
4*Jfcj&U f(O±l:«iliWtf5 0-2 0 0 nm© 

IC, @8 (a) IC^Ufcct^tC. H&BHbSSlCcfcy, LO 
COStiElSt*. Stic, ^8 (b) \Z7jklsfZ<kO 
IC, Kfl:fWJtR2 0€.77^iUTLOCOSKftI« 

*9cic«fc$&. y-h««*-t;u775-f vie** 1 ?* 



-So 

[0075] cnicfctuT, *aswicj:ntf, 9=-**^ 

<DSO I HIT. »fffi©U*U«IC*tUTR»«60* 
IC»-r*U*C>ffl«Sfi*«ft'hi:S:*J:5ttSO IRIS: 

Hje-rtut ^aou^ufis^s^uT^^ci^^-r^ 
m 6 [ctf ufc J: 5 fceBRita* J: 5 ic 9^ *ju* 

*ttifi<fc«SB-c<7) S O I RWD^Sy— tt#«*.(i 2 0 % 
JUrt(C»R*«<fc5lC, LOCOStt<b*ff5<t. ^tSO 

[0 0 7 6] CCC, 9 L *4OM!^4>0^tttt»KNA 
OiJBSfflBflt ifc-TUfcM I S FETOft*^««4 

ft maoM i s FETftawiufcRiwR^tKSfr* 
mica, *©««KT*i^n3^«W"rai3euT'ba 

(t ^x-/^Ot^'rn^OS^mT;Il|^L/T ! t>ac^ < , $b 
ic. C0cfcp/j:«?x-/\^«ISfelPl^lcyp-tr^-r^. 
o;b*0£> r/^>>^Sj cD^^P-b^(cfct\T, A*;/ 

[0 0 7 7] ICUX. ■9 L ^^U««4<Z)5Ftt«l 

- h SEE* >*3TT tilt c<&U#cMi"T?h^>v*** 

*y, /^*y-h«ff#*s-3fc»t 

■**[✓*>&»<!: U£ I \> ^(OTcltos ^t^fS40T^ 
tt»aBB3£*mv *9fiWlC!&Btt/*y 4^- b®J£* 

[0 0 7 8] CCt; 9=-ir*^««4a)^lt»RflEOa 
Slcft WxJt ( "Materials Processing Theor 
y and Practice volume. 2-impurity doping processes 
in si I i con" : F. F. Y. Wang^g, North Hoi land Publ ishi 
ng Company (1981)) lc«^StlTt^«fe5ft»fi^a6* 
JHlxfltfcfcl*. SITE, *tt1frJ«3HS£tr»fc«rt« 

[0 0 7 9] H9lt **MO*aM*SR«<OJB2'<OA» 
«*a-r«ttBKEH"C*S 0 |sJ0lC*3C\TI4. HI 

[0 0 8 0] H-9 iCfelxT, 4ali^^-^«, 12(4 
1 3 1 8I*««« 
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«4alt ?-fr*;U»«4:H-«)*ft"Cf^«Snfc*» 

arc**. 

[0 0 8 1 3 rtytr?— M 1 14, 3:l**«2rt 

MSi£U h 1 -1 *nBaSi£"*~*Ci(C«fc . 

£fc, /ty*y-M 1 (4, U$lM»*SJffl 

[0 0 8 2] JUTIC y-ir*-;W»*4a)Tlt«ai*i:.il 
&9, 9attMtWlBT. H»9 aTttBSSHirCJE* 

snfc««*i»*«i 3ogjs«]sut, so i 

0SS9^ai^l^^o ESS9Tliy^-pI^c 
4 acDt^ffiCOStal 8 - 4 a - 1 8 BHf'9 a 

J:UA*SnfcSO l«»^-^«ffl^Tyir*JMWI 20 
4 cOct5i:i/T*»W«» 

-htE^Mm man o^m^-r^o 

[0 0 8 3] B9 0i*flTlt h7>^FET1 

a ics-r * <fc 3 ic¥g<*B <t n &»mt* 
+ssoae««i ssjejScutu*. -tuT«s?ai0«6 9 
-m, ««mei 8 i 8 toraostasaiis-r*. - 

CT\ SWpIt ffi#i£R, MMWM 8<DBBte 
l/(B*W, •tbTSOlBIIfttSittSt, p=W 30 

tsi R/L^s^n^o cocJcpicut, 

fttititf. ^^*;u««4 0^tt«iSMENAtt. 

[0 0 8 4] -S, SO I BSJ^tSi (COOTIE KMC 
¥«te*Si§£l 3 frMM&SC "Tttto-fe* H 

9C«Ufc<fc3lc* 5/U3>*C*9* (B) 

58H*(oaa*T k - 72 ntz p + sao»»ffi¥»(*» 

mi 3lCfcOT, C<D¥»»»«1 3CD*aia£;£tf>*o 

<tftoTO*<&T v tSi tNA t^^»t5C^T$ 
* 0 cfco-O *3W¥W»»*1 3(C*3l***tt*BS 

[0 0 8 5] U±©*ai=ctU»6tlfcSO ! IVtSi 

^Husnoa(cftA^-^ci:-c5 1 -v*;ufis®4 icfcit*^ 

I S F E T 1 tMtiOtlBC^atX'CNAlSd 

[0 0 8 6] CCt, ESS 9, Bftl OOftftWiUT 
(4, «*tf, ha I f -VadBtt^MME/^.TABISft 50 



£*$StfSC<fc#T*«. 01 01*. ha I f-VddH 
»*ffll^*J6«**-riB»IB»H-C**. VBittffl* 
tf, OVtft«tET*y» Vbi l*fflz.l£Vm £ft§® 
ETCAV. Vbi >Vb2 <fcftoTl** 0 01 0O1 8-4 
-1 8<DfitftS(iH9(D^5-«ia4 arcfct^JBfiES 
ftfcfflA*S»lt1 8-4-1 8T*y. RIlWS- 
««4 a#KffiUfc^lt»ai«'C»«Stl*:t*«>att 

*Q3, Q41WK Q2cfeU t>«l£<«J*S*U «Stt 
A777i:^^W5o $e>(CR 1 fccfct/1 '8-4- 1 
8<0=J>y^^>X(iQ 1 SfcttQ 2<0 ^>*:a>^ 

**vx<fcy *>+*M*s it" *<> ^ttwaa^KWiLx 

1 8-4-1 8©««jSflKftr*fc^ Stt# 

-4-i 8 ft* <tw*tt/ha<. s 

- 4 - 1 8 gia#'h£ < ft* £ > - K V oO)SE I4*£- 

<ft*o ccoai^y-Kvo i4mffi^^^<ft*^^ 

ic, M l C**ati*/-Fa>BflEV1 fl* 

h«E*«<b-r*Ci:#-C**. CCT, SO I EM 
Jit si GC>^fbODf?gl4, Vbi «ff4kS4«.C^ICJ:oT 

[0 0 8 7]*fc, B11 (a) (b) (4, 
^0»lc<fc*jtJfi«l*a-*"«K0KHt?**« "?"ftt) 
■6, U >^ vtyU-^tCI 8-4-1 8 stasia 

it, ^s-««4 a<o^««a«««Kfl:-r*t* 

[0 0 8 8] ifclC, H9 0!)^aMtK«©«UfiXaiCOl> 
TIft^-r*o 01 2-0 1 4 14, 0 9 G>¥attfcS£B<&S . 
»BattB**fX«KBBTft*. 0 1 2 (c^ 

ufci^ic. /xy^y-n i jm*wic 

(4, SO l <5i-/\±l:Uy7KX^1 5^MU 

*JU«* 4 <h*fe»B£ 3 Zft isTzs y 3 >ft 
Ifi2 i:#**ft2©WtW^f*>aXtS. ccDci: 
PlCUT, ffHx.lf1 X 1 0" 1 X 1 020 cm 

[0 0 8 9] ft*^*4; ^1^4 a 

I*, hi (c»uTffiraufc«fc5tt*sfeic<fcy?BfiJc*r*c: 

ft33. ^5-^4 a^^USl^lZfc 

. asssxs ic as i \ r iz^ * A^m^izmc 

[0 0 9 0] 01 3 ICt* U/icfc e> ic^^gSSS^ 

i2$mu y v^57-f rcctyy-mLfrsa* 
^-hms^6;.6a^?f5j5Et- *o ae>ic y-hmti 

0±|C$6S»K8, 8a*««tS. 
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[0091] aiz. m 1 4 izTjkurz^viz. sg^a* 

Wtf&tZo RftWlZlZ. M I S F ET&TBlffi-r 
-hSl6 0»CH-Xi1 0 13 ~ ! 016 

[oo9 2] co«m«i 8*«ric-r*xei4* par 

Ml SF ET0V-X • K U^>£JBj£t"&B*lC|5)H#U: 

[0 0 9 3] £ bfC> 8*JBJ«U«:««ttt 
4) . C(OXXK¥»«ti«i 3 14, 5fecr>ffiffi««l 8 

*v-*- »«u-f>fw«7t«iat"r«-f*>aAicj:u\ 

fciM»«*RW\ P9M I S F E TOV-X • V 

[0 0 9 4] ;*lc, H9 icSUfccfcilc/t^*^*— h 1 
1 ^tf)=j>*^ h 1 9*JBJ5£-r*c *#WICI*\ 

(W) *£<3!)««»»**t»"*-*Cik'lCcfc-U. **^=l 

9ftJEJ«f -6X81*. H9(c«UfcSttaJS« 
*<D>*JU3>** h*, ^— h • • Fy^>« 30 

*<T€rSc friz* SO I Mfftsi **»*fc»O9J(0« 
[0 0 9 5] 01 5 14, *»M(0*3Ht8«<0«3<Dft 
MISFETh7>yW1i«»l^ y^-$I*£4b 40 
b£/*y&<?— hi 1 atOTB:W6tlTl^*, - *UT* 

m-3 Ju±ic5F>E ! ft*»p"r*ci#ii*uu 0 ms 

6 bfcct^m^l 1 a (4, b#5S±lc£2 
[0 0 9 6] C<D<t5<?:*#T;I>ISU/S:+^/t^^>^ 50 



C total 14. y-hJ6i!5, ^-iS4b, 

ot, y-H6W5Scttfys-flW4b (TfttoS 
f-**MM4) <DRf8¥*-tft-eft sox* £Si, 

^-SI*£4 b, Jfeil3 0ll^^ 
ft, tOX, tSi, t box **/*Zs#>*lt 
[0 0 9 7] 
[812] 

1 

c total " J J J 

f Si + fox + fox 
tSi t 0X 'box 

T&bfc>£ft£o <fc^>T, ^- Hft»« 5 <0«» t ox <t 

JfeSK3<aflgJ5tbox #3R*6e>ft, y->«»R5, fc 
ilS4b (■T*:*>-65 1 ^*'^*«4) ©jjJIJl t si = £ si / 

C total -£Si ( tOX + tbox ) /sOXSSit^&Cttf 

[0098] £fc, aicBifi-rsH-i 8 lc«U/t¥SH* 
SMcit-csSo ^t)-^, ini 8 leaser, n + 

11 6iA:y^$*— M" 1 b<ttf>ra<0§fiCtotai 

CCT V 1 ObOOmJB§t4. <j7*-htfe»IR5b 
iSOH4 a<ta>»ffl<tlzSI6ili*«JEJ«*ft*«:It+ 
»(c«BE*<EDllPSftTU*i:-r«. £fc, Ay^-h 

ic+#&«jE*HHin-r § c <t iz£ y , 4a© 

SI C total (4* 
[0 0 9 9] 
[813] 




tl^W. J;oT, t box #&»n?*fttf t si 
T#<5o c:<D*}ilcj:ft(i, 1 0 x #f4e>-rK\T*>lE$iic 
t si €JWrt:%ci*T«5. 

[0 1 0 0] Sfc. »tt**3R»**atUTW, mJE 
*^^**HBUfc4«TS*JIHvc*>A^. c©^>S 

[0101] JfclC, m 1 5 lC3SLfc¥»tt«B<0«J6* 

>£ [z^xmm-r £<> 6,ji 7it mi 5 <o^m 

a&SIR 3 UT*t5vf £>#Jx.tf > y.3 >frt>teZ>5i 

^->;iA-r^CctlCcfcy, «*.tf1 XI 018 c m-3 36^© 
1 xi 020 cm^^^tt^iBK^&^^pSAy^y- 
hl 1. 11 a£7£/&ir£ (HI 6) c ^CT v ff* 
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;U»«4* y^-K4 b(4. S 1 IcHUTmliSUfcJ: 

[oi 0 2] ;*ic, si 7(c^u^d;^ic, jR^-iMKfii 

*12*JB|«U S6lcy-Mftliil5 4:y-h«a6 
1 8<fc. V-X ■ KL^>f >»« 7* JEfiE-TS. CtibO 

mmirmzs m9 izm^xmm^rzh<ot.mmt-r^^ 

8J3<fctfV-*"- KU^>««7«Krt-T4-f5j->aA 

[0 1 0 3] JfclC, *%^CD¥^«;SM(D^4(Da#ffl] 
■(c^OTBlwr*. Si 8(4* **MCD¥3M*KK<03B 
4<^)A««l6Sr«mKrBHTft«. WHCC 
*Ufc*ai«aS«(CfcUT[4, MISFET1 <fc(49J!C 

vflX»lcJ:U^WUe«*tt«c:&«rT*«. F e 20 
=s» 6 b#»B£tlTO£o 

[0 10 4] dCDM I S**/t$^<0TffllCffr3t 

UfcAy** 1 - h 1 1 CM I S F E T h^Vv^^lCffi 
3«ffai(48BcomttSVG2 b^glt-So C<D«EE»V 
G2 bfiy^-?I^4 a<7)Jfe»Jffi3 Cg-f^SIOi^ 

[0 10 5] CKDJi-pttM I S + tVty^SfflOTC- 30 

-So ^5-1S«4 a#*±K:ffi- 

S>^bU/J:C^fIgT : H^<D<7 ^ - hft£E*£PlKl U fit, 

[01 0 6] c<DB^cosfi(4, na£-t*. 

£ (Na) 1/2 lcJt«*-*fc*>. M*6NA**»«C 

[01 07] SI 9 14, ESS 9c, 10b <Dfi{*0J«:« 40 
f SBSlslS§ST^>^>o [5]0(cSUfc(E]£&{4, W^H 0 

^<DM I S**/*~>*\Z£&**/*i'*>*CWmfr2< 

[0 10 8] -*|C, 01 8<0**{*S«O»5t*aicp 
UTKWr*. 0 2 0, @2 1ll SI 8<&¥8M*8B 



2 0 ICtkU^PIC, Ml SFETh7>y^e« 

«iLr«M6-r*fli«lc, Ml SFETN7 
>vX^<h(4giJ(0Ay^y-h1 1 b * 

Stt^- Mtffi6 b*<fj£U Ctl^M I S 
*&mi£'tZ>o CtU4, Ml S F E T 1 OD^- hff$*£X 
a<kW»lC«aUTt>lll\ (S2 0) o 
[0 1 0 9] SfclC, M I S+ir/tS/^oy-- h«ffii6« 

n§M I SFET, pSM I S FE • 
>««7<3DJBSEOfc«&fl!)^*>aAlC*OT* MIS + 

^/t>^««ic(4*n-enM-«-ro^*>itA-rntfct 

O (S2 Do 

[oiio] c-vatffli\«:^*M*5«*aei:UT 

(4, png&iay*Wf;St»5. 02 211 pn 
~^4aC0^®^lC, n + Iy"j3y«iai44)B« 

-&*-M 1 c!C(4, +»**ttftO«BEVG2a *B]Jnb 

[0 1 1 1 ] 0 2 314, 0 2 2<D^* — )R7-«d»ft:H 
fiS9d, 1 0 bOSfttWSSf MBS05S0T^^o 0 2 
3CDlal5§{cfclt^S«CI40 2 2(^)116 b"C5H2*tl 
S2 2 (CTFUrcctP^y^-^CO p n 

X, §fi C #/J\ S l Mi^ ICI47R > ^ a «S^±S L/TV 
G2^±#-T«o p n»&T(4£:<. #Jx.[4:> 

[o.i i 2] ;*ic, ^^o^scomftCTicotNTSi^ 
■r^o S2 4I4, *&ffi<Dm5<DM»mizmt>%>'*mto 

[0 1 1 3] /cJfcs S2 4lC*Ufca««T(4, Ift^CD 
fc*, Wi«WR3±C»*atiTuntfJ:<* wu 
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t. -t<oi¥ut\§i^(*^B&t--5. mi5^zfm^m^z-m^mf^>z\tifim^^ 
[oii4] *sij6wc*, i^-»ts±(c>^:< tt2^ -f&to-fe. cti^w^s-^^ffliNT^n-en© 

a. 1 b^atus. : sktemzisLWfz>£, mz-iizs jn^-f-KA^b-c. -tti-en© f e t \zm^.<r>n 

<) 3 >fr?>tz%-£.ft&m 2 -t©-> u 3 >8HkPfc<!:ros& y h®££Enan-f -s c <t ic<£ y . -tn^ft© F E 

mmSff>±\Z. 20nm~0. 1 At mf!g©8ilJI© S O T© U£Uffi£j9rS©M(CtSS11-£ CI C© 

IH. «jLtfs fif^8Onm0ft^msE4Ai: l fcttO^S-SW, 09. 01 5. 01 8. 

6 0 nm©f t^l>si)lt4 Bi^^ntOS. "tn sS0Mi@ 2 2 &<h*IC0q;KU£*©£fflU-5£<!:a*T£ 

^n©**6%sg(i. i x i cm-3~i x i 019 c 10 £e>ic -;»j^©fcto©@8&-*>Ay^y-hmJE©EP 

m-3ig©Eii;s l ij. eniitf. --en-em x 1 0" c aoiassfc. *mM&mizisi\Tmmi>tt&*<Dt><D&m 

m-3<h. 1. 6X 1 0" cm-* t^vmte&T-l&W&fg. l\-5C -5. 

NAA. Nab^WT*. MISFET1A, 1 [0 1 1 91 S6IC. nlM I S F ETtpIM I S F 

5 S O I 3 UTMlSl t'S^ ^Iffi 2 C E T £|5]-S«±l::?g|£-f -Sii^lCfc. *XjK01«JflO 

(i. ene*n©M I S F ETIC^/d:-5ma«#X.e.tl-5 -5C<!:*>n?#-5. -0*U. @2 4IC;fjUfcF ET 1 A<fc 

/^V-hl'lA. 1 1 BAiM^ntl^. LT, PIXll nlMISFET^fflO, F E T 1 B t. 

?-fr*JHS«4 A, 4 Bro^tl-^ncD'F^aSlC/CC. UT. «*.tfpS!M I S F E T^ffllNtKi <fcO= jl^. 
HlKvOV- hWE*tt£-*-*SMMa«9 A. 9 B*ss SSSiSSiOttSHISroM^y- hiUMtJfS 

(te>tl, II] 1 A, 11 B (CEPJdp-r *nTS**1 0 ©lilli, nSM I SFET<tpg?M I sfet-cs^ 

a. 1 o B*^ite>nxix-5. 20 sfc®. -toyy^y HAV K«E©*&*MI I Vfb I 

[0 115] CCX*. m 2 izm^X wM^rc^J^m C©£«>, fc£a.B&U*l>«*»SbTtK n 

UTKW*"S£. 06 lce!l7Sb^«J;c»lC. SO III® MM I S F E T £ pIM I S F E T<D-£tl-?*llC*tU 

tN{tA<^Ufcffllc^:-5^A'^^UlE4(OgiS^^^: OSOllIfcSW. -ffcfr-S. 0 2 4 icM^UZnJ: 

t>5SIH»*. U#l^i{C<fcU-^MIC;*S«.. OS ftl-?tlWK7>-^*FET 1 Afc^FET 

y. USrSL#lNffi*tS>ft-54. l/^Oi<DSOII 1 B T*<lil£: S O I fl§I9£:ffll^-5>CI <h"C, U2lMifUgg 

izmtzz. [0120] ;*ic. 02 Acr)^mw^m.(omm^nz-D 

[0 116] 0 6 IC^b^ltmSm^ffll^-St. m-S IvcKWT*. 02 51*. 0 2 4 ©¥3H*=gg©ggBiS 
&±tCU£lN{i&#0. 1V<t0. 2 V©2O©U£0fiI 30 j^Xfi^af «H»SXfia!r®0'r*-5. *Sia<D35)jElCK 
&Ito<lI/h<fcft5^££^t>^>v;**£^-r<5 bTIi, 02 5 (a) iC^UfcfcolC. S O I St£IC*t 

^. 5 L ^^^1|E4li«i]A(f. ^-n-?n^)5 : 8 0 nm. bt, U y^57-f <h-f *>;±AlC«fcoT. Ay ^y- 

6 0nm. TOGttlHSl. 0 X 1 0 " c m-3 . 1 . 6 X MIA, 1 1 ttlftlOM I S FETICMUSI 

SS*2oh^>v^.^-CPlCfiilc^--5c:iliT$/j: o i JfSrtf'J v'sXf* K9^fiyf>f. 

(,\. -ffc*3*>. •eft-enot-^VS'^OSO I BIJ?^ x-y h±y?->^(::«fcySWMbU _0|*.tf8O nm©8i 

T-W®>iBm : £%\*<DmizmfcTZ>Z\£lZ£^Ts. SO I IT, (B) *>}±Ai-%Z.£lZ<k 

f&&<Di$t>-3Zt£i£iz%ii,TisZ^mwmmist<^\- y. x 1 o" cm-3©«asgflso 1 14 

^>v7.^«:l|IIt--5C:<h*<-C#-5)o.fie3Rro«fcOlCSO ZBtfLTZo KlZ, l/y^h7^1 5£JKfi£LT. X 

[0 1 1 7] F ET 1 A(Dia^U£tMS#F E T 1 BO SUSE4BI::. fflxli* 1 ?! (B) 4'f^>SAl/T, ._ 

RfiUftl^fflJcyb/hSlMt^lCl*. ene*n©0#O ©flW«©Tlt*ai8EN I. 6X1 0"cm 

■TVACSOIM ( t siA ) #)?<^*>l«gg [0 12 1] fbT, HSUttUtf- hX?IJUI$©X*I 

(nm) ^g<5 L -v^;u^4 At. so 1 mm (t %'n?z\£iz&v. w-©*«±'icjg*ffiaft:_h^>^ 

siB) #ii< (Nab) #**09=-V*;MW* ^FET 1 A. F E T 1 B«:JBR£-r-Si<!:A<T$-5. 

4 B<h£ff2)5rr-5C<t#M£l,lN. *ft*tl©y-+*^U«WIK:«*UT, 0^U^3:t^ 

[0 118] £fc. CWckolC^^^U^©!!^^^ ^S-^^iSHff5fi£-r-5. $e>lc. Ml SFET4H5 
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i Ax 1 1 b izmv?z> ptsws i o a. 1 o bts^* 

[0 1 2 2] *^W(O^6(Dm<*0l]ICOt\Tlft^ 

[0 1 2 3] B2 6(t *5BM<OS6(7>ft«:«l»C«*5« 

SICNSO I HICFET 1 £JBJ&U J?t\ S O I Jf IC?F$$ 
ttaSSSSffi"*" -5fc»<0^5 £ - 

s^ir^o 10 

[0 12 4] CO^-i^lltp ng^tU C-V 

aK*fflt>TTi*»stt**aHftT***><o-c»y. torn 
M&xfm^tofj»(omm\t. 02 nzmoxm^urc^ 

-r^>>±A'r^y^ (p) ^fttut (as) <d&z 

«icj:*itf. s o i m<omm^m< ufcSsrcp n*g^ 20 
,[0125] -t(DBjaxaic:ot%T«K-r*<tUTott 

<T'fc*o 8 0 n mTT^^iBg^ 

1 X 1 017 cm^c^pSyU^Vl^S^SO I Ji£ 

Onmt«. &{C, Ctl^OSO I B^ttttiaa* 4 
WAffs 1. 6 X 1 017 cm-3 £tlZ>£.olZ7k<5M 
(B) t££Z«<*> : £L\-?Z><> M I SFET£ 30 

[0 12 6] #(C, 027 iCTKUrc^^ (Cv ^^-^T 

*re«-r*«*ic«*.tfy > (p) ^>r^->;±A-r^c 
tc«ty p nis^ftjEja-r*. co>f*>aEAi»*, 

n^M I S F ■• K U-f >««7 ©JBfilcXS 

t**aSCtt>PrfiBT*^o CCt, 0 2 4-*>0 2 6ie. 
fflJ^Ufecfcp(CM^S^SO I «ltt«:^;S<t: Ui. 
LOCOS (Local Oxidation of Silicon) Wt^MitiZ 
«fc<5C<h*>T££ 0 02 8 1*. locos Wtt&MiklzJ: 
£y-fe* (Recess) t»ig*ffil^C t ICcfc U KJ?<03S^ 40 

S« CCD^&IC&UTI*. SO H4aO±lCy 

U3>Sftn.4^ML, -*<D£EtC«*.Ii* V'J=1 
>Hkl*6aSl2 0**»tS. fbt, 02 8 

(a) \z7jki,fc&?[z. mmitisfzi^-Y^mmzts 
i\tyua>i«2 0^ipt^ -tbt, nais& . 

[0 12 7] Hi 8 (b) [ZTFUfz^viz. mu 
u/^usjcd s o i mcDmmwmfcomz ic<£ti-3£ so 



0, y'Ja>8«l 4*M«*"«ci(CJ:y, MJVtf 
iS< . roe<D*tt*»****-« S O I ^liU^Jf$^-rs 

»(Dxs*ji«6-r«c:<t(Ccty. ^s*ss«r^j5E-rs 

[0 1.2 8] .CCT(t SO I ■©5 L **;b»©aiKft 

ico tNT loco ss^K{biCcts y -fe/UHiticooT 

J;iJSift^3->^-7 (concave) «filc<fcy?B 
[0 12 9] ;*(C, *56WflD*7 0*»«|lC^l\TlllW 

Sffl^s-jR^t. assays -m=?iz£. y UTt^F 

[0 1 3 0] 0 3 01*. #^*^IC<&:to£¥»teiggO 

ti^cfcp {clSS^ti^c s o I MH<hv ^ttHaaSSfcli 
*t'J7M (Wx-tfs 06) «*^*^**JU««4 
iAy^-M 1 ;&>S&*SS±ffi2<fch5>v;**F 

£-r*fctf>GK ^M%«gi*/!:li*^y7Sg<DlfffiS: 

(a i ) *$>m (c u) , fcsiM*a&r>y-yM k (p t 

S i ) W>yUW MT i S i) fctzfrZft&W. 
tge-CJBSE^nfctzL-XF 1 , F 2, F3^t^C 

[0 1 3 1 ] 03 2-3 4tt. 03 0CD¥»#^®CDK 

stia^BiwrsfctooBrffiHTfes.. -rat)*. *m 

0 9 [Z7fkUtz^.V[Zs SOI J^CDS$t^P^b^SiE%S 
[0 1 3 2] ;^IC, 03 3!C^U^<tplC x Jll^ffly^ 
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U KttB^-lcIEB*-*. tftbS, fczL-X£ttiiJrU 
T, &Btt/*y*y-hBEE*flFJ«t*. CCT, 3HS- 
JH^S F E T 1 CO^tl^tKC^OT^^^nT 

l^SMBWUWl^ #ilt *U*t*«S: 

^t^^SCO F E T (COINT 1 -^tDBEffl^ -S^* 

»(jT*>ai\ ae>ic. cne>o^x-/\««a»tkAy" 
[oi 33] -b n 5=-+^u»a4o^ttiftiaiffi*>t(* > 

^^U7SK^ai£Sti. 0 6fc^L,*:J;p£:»&lcS 
:Jl\T*Bfc/^**-hBH^**S*i*£« BJEB 
^S-^OTli^l). KT, 03 4|C^-f<fc? 

T. F ET 1 ta£ffl^-»t*»i«C4#T 

[o i 3 4] *jw»wicj:titf. *ttmassfci**+ 

U 7 SB «: 3HS f S » 0 St? tt (CfS & tl £ 5 1 y 

B«*idE«a*fttfJ:tt. cfc^T, jwfcaftfej:^ ' " 

*fctt*^U7»ftffl3eia»^B<t»:*fc»(c. cfcU 

[0 1 3 5] ?-^*JU««<DT>E»ai«*«:(i .30 

+ t'J 7SB<DBttl*. 0 3 2 icSl/fcaflffiffi^-B 

[0 1 3 6] *fc, 02 4 |C«JSLfcct5 

ttBttOBtt* F E T#Bj*SnTtt*¥*tt»Blc:3 

e T^jf^anru^ii^ic, ^n-^n^a^ico fet 
s icKB«?-*ia:»* c <t (c£ u . - Blasts 

[0 1 3 7] SIC, **»«TflWr*/<-f7^BHW) 

[0 1 3 8] 0 3 5-0 4 OB. *IW]TfflU§C<h 
#T*«K«BT*^£/W7;*Htt©«J*«** 

to 

[0 1 3 9] 13 5(t y-^*;UB«4 0^Ftt«BaC* 
fcl**^ iJ7aBatfeo<«B**&*G»MJl'* 

BjLtfVGK VG2 s VG3, tSJtTfcUT, #BIC 5! 



[O14O]06£)SOI R»£*tt1fc»ffi±:0>H«<0 

<fi£0. 2ViL, 3F«»M#fl^ll 1. 2X10 
i7 C m-3-l. 8X1 ORcm-3 £T<D§5Hrt7?(i 6^ 

Pjlll VGK VG2, VaiUT-L 0, 1 V«r»(t 

rfc<o awe. y^-m=F^m^x^^^)i^A(D^. 
tt»B*oss*friv *oasi«<i. 2xi oi7c 

m -3 ~ 1 . 4 x 1 0 17 c m-3 IBB F 1 £ 

#«IK<tU. F2tF3€tBKt"*CtlcJ:y/<y^y 
- hBJEtUTVci = - 1 V*BMfl]-r*. ffllSfil 
ffi 1 . 4 X 1 0 17 c m-3 — 1 . 6 X 1 0 17 c m-3 <DBf 
I*. F2«KDBfcU F 1 tF 3 tlZj: 

UA^*y- hmjE<hUTVG2 = 0 v&wmT&o ae> 

IC. aSttS« 1 . 6 X 1 0 17 c m-3 ~ 1 . 8 X 1 0 17 c 
m-3tf)B$fi. F3^raffid:U FI^Fa^it^ 

cii:«ty/ty^- h®JE£UTVG3 = 1 v^EPJjp-r 
aaot* c <t A«prB<ta y , wa© ufflicat \ ue 

liB*a«c£«*-C#«. 

[0 1 4 1 ] 0 3 6 IS. 0 3 5<£>«}JiVGi — VG3£, # 

-C(W]"T?**. 
[0 1 4 2] 0 3 7 1*. (HX.tf. B»fiaT»*Vcc = 
3 V*»S VsS=0 V^TCD> VCC— VssCOmiElBfflF^T* 

*n©BT-lCTBff39'ttttT**«fc5(Ct3.-X*E» 

ta-XF2't*m FK F'3*«Bt*^i:-C2 
/3VCC, $fcF3«fm F.U F2iffl«t*C ; 
(fC1/3Vcc, * UT#]*_tf ±TO 1 a-X*#«K 
t * C t "C V ccOBEE*/^ 4 > * h (cEn^Q-rs 
T^So 0 3 7 -CttttfrtB* 3 oaijfc^, MiT^) 

ma tis c t \zte y , ^jmcd L*^BieifiiMi€»* - 
t39«-C**. .*fc«ffiO«Btt, Vcc-Vss<DiEffllcPR 

[0 1 4 3] 0 3 8(1 0 3 7 0ftJEWC»y, 2 OCD 

[0 14 4] Sfc, 03 70dCPlC, Sfitti<D{ii^^ll 
3 oiZs SHaA^lcfc^TUi^Btt^ffifttSnlftBaBIc 
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[0 1 4 5] ££>IC04 0<D<fce>IC. Ig^O^-v^ 
>7iilI&«tt£&fl(U S«/K^7xmiI«:K1t^cD 

ti-XF 1 ~f 3<o^ic<t-p Ttny^x. 3<fc 5IC u 

FK F2, F 3^1?]8fr©B#, S®y<-r7^.m>® 
ai^CDMj&mffli- 3 Vcc+ 4 Vt. FK F2KMJJ 
Br. -2Vcc+4Vt. F 1 F 10 

2. > 3 9]»r<oB#- vcc.+ 4 vtrottsft^-sctan? 

[0 14 6] ^mftWCfeUTm^ISIfiSt^tUT 

ffiittf. say- h«ii:wi«*»r«»a*. 8i£ 

[0 1 4 7] JU±. WfliWSL^WBBOWtO 20 
[0 14 8] feiI©M;*il,Tli> mmit 

iz£z>mitmmi&m j p. 3 0 k e vm&owtnm*** 

ti«U^>rU=]>(C;±A-r^^^>. HfeMUkS'U a> 30 
>Rm ^>K^ hn>f 5A^>SAiJ5 

[0 14 9] ±aROfc*f*«ICfel*Ttt«(C»ft 

.#»pf\ LOCOS U-fe^Bl (Recesse 

d) L O C O S L O C O S;i^7 K y-Jl/ 40 

[0 15 0] ±aEUfc#ft*ff!lTIi, SOU 

chUTpgJS i Zm^tctfis ftt>UlCnSS iKaA 
s, I n P*ffl^Tt).SU. Sfc, n^MI SFETt 
I4tt< plM I S F ETICiSfflOT*>J:<> 

tAs ( P, Sb^ln, B, B F2 <D{,\-ftlfr£m& 50 



[0151] $e>IC, MI'/U3>£1 

^cD#*£ B B B i>Ui]>, (£?LH) y'J3X 7 

tJU^7Xi> , J=l>, S i Geiga^ S i CSH % Ga 
As, W. Ta, Ti, Hf. Co, Pt, P d <D£g 

[0 1 5 2] "*(0{fe % ^^OSE^iS^U^OlEfflT 1 
[0 15 3] 

[0 1 5 4] £?\ *%W(c<tti(^ ^SSfbh^V 

icw-r u ^ i as */h ic« ^ 7t * £t% 

[0 1 5 5] $^ aWBWIciftf* ffliltfJKttlBl»«; 

[0 15 6]-*, MO SlS^IslKTIi. h7>yX^ 
ls*liftA*ffi<a:<&£. of f*©» 

[0157] aBH«n»u*i^ttvthicMu s 

>Jima^VD0 <hUT (VDO-Vth) -a (a!ilJU±(D 

«/j\s<r«ct«»T#*. 

[0 15 8] *36Wlc<fctitf, LOCOS1S8 
•M««Mift*J;5aso l«l|[€R3e ! *-«C4:C 
[0 1 5 9] ^7 h^>>?^^ra^)U#OffiOtf 

ft[s]»(c«U. SO 1 KI|[tf6o*(c»-r*U*^«fB 

Ctl[4CMO S[H]5S(C*5lNTt), niMI SFET, p 
I S F ETOBfaoUSt^fitlCJEECfcS O I KilT 
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I S F ETlCfctNT. SO llIA77+lCgSt^b 
*^«#»i*/hica:*. cttli^3fc(D#--£:SO l ■ 
mZ^TZ FD-SOIMISFE T-ClifflHTfe^o 

/Wcftoc *3BWIc<fctt(i, 
B*iaSGfc/*y*y-h«fflB»H**h a 1 f-V 

[0 16 0] *»WlCfil\TM I S F ET»;S 

[0 1 6 1 ] S&lc. 4:9emo^£-X?OBa[ClK.U 
T(4. M I SFETlcfflMy-h*to*Sffli^i:. 

[0 1 6 2] *5BW(C<fctitf, It^SO IM# 

huso i R»*e>ft-s*wf*)iia«(c}Bj«-r«c 

«Wf lc-r*>;±AIC£U nS!Jl*«ritOp nft^Wtt 
*?E]5E-r*<t#, niMI SFETlCfelt^V-^' K 

[0 1 6 3] UL±WRU1t&5 iz % **iimc<fctttf. 5£ 
[02] «Btt#oltJWcJ:Uf»6*ifc5E*fflaflsFE 

[S3] K (2) ~ (5) -iCcfey. ft*^«84^ 
" «tMNA=1X10"cm : ?, SO I fllUt si =.6 
Onm. 0Ms1 =-1 V> Q0X1 = Q0X2 = 0 (D^^lZ 



[0 4] *JU1ffl« 4 OTOMMMte 1 X 1 0 17 c m 
"3 ^U^Cth^O, St (2) - (5) ©fiftUtf^fffl 
lNTl+SUfeU^t\fi&<05 L ^^;Upli|S40SO IIIO 

[0 6] H2 tH-CD F E TOtTiKCfe^T, 
U^CNfiS^/h < h^:^5 1 ^^^llE4(^SO iHVtSi 

[^7] Locos«ttMfttt£^aicj:u^jssn 

fc'J-feX (Recess) ^-hWt*«MI SFET£ 
[0 8] LOCOS«ttMk&CJ:«y-fe*B9'- -Ml 

[0 9] 4:9Bno¥a*SBoff2ti!)ji#ffi«s a rinR 

Bfr®0T*&<5o 
[01 0] ha I f -Vdd0»*^/^«S01*a-r« 
20 »I3»BT*£«; 

[0ii] ^te/^^y^iHiffiiCcfc^^ss^j^a-rwBSiHi 
s80-e*>^ o 

[012] 09 0)¥*»Sl^roitiIi«*fIl 

[0i 3] B9<D¥*{*aB0S3saxs«x-rxs 

SffS0Tr£>£>o 

[0 1 4 ] 0 9 ©¥a{*£|l0>BSB»XS*X-r XS 
8ftM0Tfc£<> 

[0i 5] *ss«(D^ants«osB3<D*(t«i]4*-r« 

30 . B&BS®0T££o 

[01 6] 01 5<D*sn*8«o*»«axe**-r« 

B&XfIBr®0-C^-5o 

[017] 0 1 5 toMBaiitstn 
B8xSK®0-e^>^>o 

[0i 8] *s5wo*»*a«oa4-o*««*a-r« 

B&®T®0"C&<5o 
[0 1 9] [31189 c, 1 0 bOMtfcW&Wk'fW&lBl&m 

[0 2 o ] 0 1 8 0¥»ttaa0C9»axs«x*iK 

40 BliKIBTftS. 

[021] 01 8 0?¥»{*»«<DS»«axs*x-r« 
Bsxf§^®0-r^>^o 

[0 2 2 ] p n js^ic j: u *«fcaia*»je-*-*fcto© 
y * ^aT*ac*fc*»*(ia*«iar««aaaB-c 

[0 2 3 ] 0 2 2 00^ ^ — XT-Cd&fcHR 9 d , 1 0 
b©Ri*«*X*«B*EttBT»*. 
[02 4] *»WO*5<0ft4tOT(C«*>**aH*SI«O 

50 [0 2 5 ] 0 2 4 ^l»SlOBS8fiIi^Sr« 
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[0 2 6] 6 

[027] u> (p) s^*>aAT*iB*arr«* 

8frffi0T&£> o 
[0 2 8] LOCOSWttBfblcJ^'J-fe* (Recess) 

[0 2 9] =J-><r-y (concave) «jg£S-r«EB&W 
[0 3 0] «7 A(«:9l!cfft>«¥9#SB<0SVBrSB 
[03 1] 3S7 Jlftff||cfilt«««aKXom«IM 
[03 2] H3'0(O*W#ft«(OB3SXS*»Wf*fc' 

[033] 03 o<7)¥*i*^a^i{^xifi^i$i^-r^Ac 

[0 3 4] 0 3 0©¥il|*S»<O«JtXfiftKWr*fc 
^CDiff®0"CS>'5o 
[03 5] ^7mWJT^U^d<h^T s ^^IB1i^^ 

^fcvw7*is]«&<&«/s«*»-r. 

[03 6] »7JM»«-Cffl^*^t3»<T**E«*^* 
[0 3 7] »7*#«Tffll\*C£*iTS*K«*^*- 



10 



*^£/W7*HI&(DllllS«*»*V 
[03 8] m7M^*0^]T'fflC^'5)C: < t^-C#€>l^1t^ : ? L ^ 

[03 9] aftffH-CfflU^di^T^^ffilS^* 

[04 0] * 7 IftfllTl^SCitf'CftftE**?* 



20 
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2 
3 
4 
5 
6 
7 

8, 
9 ' 
1 0 
1 1 
1 2 
1 3 
1 5 
1 8 
1 9 
F 1 



1 4 
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[03] 
Accumulation 
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